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v^-O Heat-resistant materials. 



A heat-resistant material having excellent high-temperature strength and high oxidation resistance at 
temperatures exceeding 1300 C. The material is a heat-resistant Cr-Fe alloy comprising at least 60°o of Cr and 
at least S^o of Fe, and having a mean gram size of at least 50 u m and having a melting point of at least 1600 
C , or a composite material composed of the said heat-resistant alloy serving as a metal matrix and a ceramic, 
and containing up to 40°b by volume of a dispersed ceramic phase m the metal matrix. 
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HEAT-RESISTANT MATERIALS 

FIELD OF THE INVENTION 



Tr-e oresent nventicn rebates to neai-esistar.t mater.ais s,.itacie ror -se ,n -seating annaces, espec:a 
neatirg 'urnaces of the walking oeam rype 



BACKGROUND OF THE INVENTION 

Heating fur-aces of the walking bear^ type are usea in the hot roihng process for heatmg steei 
-ater^a^s si-ch as steel pieces or slabs. These furnaces are eauipped with sKid beams in a plurality of rows 
i,-r c.ccorting and transporting steel pieces, slabs or Mke n^atenais to be heated These skid beanns mciuce 
movable beams and fixed beams. The movable beams penodicaily repeat an upward and downward 
movement and a horizontal rec.orocatmg movement, whereby the material to be heated is transported whiie 
being rr--- --'erred to the movable beam and the fixed beam alternately 

FIG ' shews a skid beam i which comprises a hdlow skid pipe 10 provided on the top of Us penphery 
With a plurality of skid buttons 12 arranged axially thereof at a specified spacing. A refractory lining 5 covers 
ihP outer oenpheral surface of the skid pipe 10 and the base to upper portion of each skid button 12 for use 
in'the -ntenor of the heating furnace. The skid button 12 is a block in the form of a truncated cone, 
trunca'ed pyramid or the like to support on the top thereof the material 3 to be heated. 

Matenais heretofore used for skid buttons are heat-resistant alloy steels such as high Ni high Cr alloy 
steels ana nign Co alloy steels (e g.. 50 Co-20 Ni-Fe steel). 

Coo.ing water is forcibly passed through the skid pipe to dimmish the thermal influence of the high- 
temperature oxidizing internal atmosphere of the furnace on the skid button and to prevent the rise in the 
temoerature of the skid button. This assures the skid button of strength capable of withstanding the load of 
the material to be heated and prevents the surface of the skid button from oxidation damage. 

However ,f the cooling action of the cooling water flowing through the skid pipe is insufficient, the skid 
button IS subject for example, to deformation or oxidation damage. On the other hand, the cooling action, if 
exressivP -ntails the problem that the material to be heated and supported on the top of the sk.d button is 
locally cooled by contact w,th the sk;c button, which produces a so-called skid mark and permits uneven 
heating of the material. 

Espec.ally recently, .t has become common practice to operate heating furnaces at temperatures 
-xc-edmg 1300" C to achieve higher operation efficiencies. For operation at such high temperatures, the 
= kid button must be forcibly cooled more effectively so as to be protected from a reduction in strength and 
oxidation damage. Nevertheless, an enhanced coonng action increases the temperature difference between 
the interior of the furnace and the skid button, not only aggravating uneven heating of the material as stated 
above but also entailing a greater neat loss. 

Arcordingly skid buttons of conventional heat-resistant alloy have the problem of failing to withstand 
high operating temperatures and undergoing deformation due to the load of the material to be heated or 
oxiaaticn damage or the iiKe. Although ,t nas been attempted to use sintered ceramic bodies as skid 
buttons, ceramics are bnttle materials, are therefore liabie to crack or chip, and are not usable with good 
stability 

The present invention has been accomplished in view of the above problems, 

SUIV^MARY OF THE INVENTION 

An ccioc; of -re orosen: .nvei-ticn s to orcvide a '^eat-res.stant rT-atenai -acab.e oi e.<niDitipg excellent 
-■trongth ar.n high resistance to oxidation at mgn temperatures m excess of i300' C 

AnnthPr :0|er; of the oresent .nvention .s 'o proviae a skid button capable of exmbiting excDiient mgn- 
lemoe-ature strength ana mgn resistance to oxioation :or operation at mgh temperatures - e-cess of 1300 
r ^.j^-^r f .-"Oiing action :f the skio cice s not enhanced greatly 

" ^ pr--pn- nvent:.~.n c'3v:aes a -eat-esistant -ater^ai A'n,cr is a neat-esistan; aHoy .-cmprising at 
:east 60% .by -veignt. the same as neremaften cf Cr and the balance substantially Fe (wmch. nowever :S 
.^.resent .n an amount of at east 5%>. the hreat-'esistant aiicy being at :east 50 ..m m the mean gram si-9 
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-.f 'he alley structure ar^d at 'east 1600^' C .n r^eitmg oomt. 

The present ■nver^iicn ^urther orcvides a neat-resistant rr.ater^a, Ancn ,s a comocsite matenai comDCseo 
Df an allG^ and a ceramic, the alley cemg :n the rcrrr^ ef a nnetai ruatnx and comprising at 'east 60-o of Cr. 
and the oalance substantially Fe twrncn, however, ,s present ;n an amount ot at ieast S^o. the aiicy betng at 
'east 50 urn m the mean gram size ef the ailcy structure and at ^east 1600^ C in melting point, the 
composite mater, ai containing up to 40 = o cy vciume of a dispersed :eramic phase present m the metai 
:Tiatrix 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 IS a persoective view of a skid beam for use m heating furnaces of the walking beam type: 

FfG. 2 IS a sectional view showing a structure for fixing a skid button made of a heat-resistant material ct 

the invention; 

FIG. 3 IS a graph showing the relationship between the number of reoetitions of loading and the variation 
in the amount of comoressive deformation, as determined by a hign-temperature compressive deforma- 
tion test; 

FIG. 4 IS a graph showing the relationship between the heating temperature and the oxidation loss as 
established by a high-temperature oxidation test: 

FIGS. 5 to 7 are photomicrographs (at a magnification of X50) showing the metal structures of specimens 
No. 2. No. 5 and No. 4. respectively: 

FiG. 8 is a diagram illustrating the htgh-temperature comoressive deformation test; and 

FIG. 9 is a diagram illustrating repeated loading cycles m the hign-temperature compressive deformation 

test. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



First a heat-resistant material of the invention will be described which is a heat-resistant alloy. 

The heat-resistant alloy of the present invention contains at least 60% of Cr. The Cr content should be 
at 'east 60% to ensure a melting point of at least 1600° C and to obtain staole resistance to oxidation for 
use at high temperatures m excess of 1300^ C. The melting point of at least 1600'^ C is a prerequisite for 
giving excellent high-temoerature strength. 

The heat-resistant alloy of the invention contains at least 5% of Fe. The Fe content of at least 5% 
rpnders the alloy composition amenable to sintering and permits use of moderate sintering conditions when 
the alloy composition is to be sinterea into an alloy while serving to moderate the thermal conditions for 
melting and casting operations when the composition is to be cast into an alloy. These effects are not 
available if the content is less than 5^o, 

The heat-resistant alloy of the invention has a Cr-Fe composition comprising at least 60% of Cr, and the 
balance substantially Fe (which, however, should be present m an amount of at least 5%). When required, 
the alloy may further comprise one or at least two elements selected from the group consisting of up to 
10-O of W up to 10% of Mo. up to 10=^0 of Nb. up to 10% of Ta. up to lO^o of Hf, up to lO^o of Co, up to 
10% of Ni, up to 10% of Ti. up to 10-O of AI, up to lO^o of V. up to 10% of Mn and up to 10% of a rare- 
earth element, in a comomed amount of up to 35°o. preferably up to 30°b. 

These elements are adaec as required because sucn elements have a solid-solution strengthening 
effect or act to strengthen the alloy by particle or fiber dispersion, affording further improved high- 
remperature strength. Furthermore, mtermetallic compounds (such as Cr2Nb, Cr:Zr. CrzTa and Cr.Ti) then 
formed serve to strengthen the alloy more effectively by particle or fiber dispersion to give still improved 
ailcy strength. 

AI or rare-earth elements -sucn as Y and So are expected to produce further improved resistance to 
oxidation m addition to an ailoy strengthening effect. 

However the presence of e-cessive amounts of the above elements is 'ikeiy to 'ower the meitmg oomt 
,,f rne^aiioy celcw 1600^^ C and to impair the workaomty thereof so that :ne upper .,mit :f the oomomeo 
amount sncuid be 35°o. oreferably 30°o. 

The neat-resistant ailcy 'S aHowed to contain P S and ether ^mounties mscfar as sucn ^nncurities are 
nevitaor/ incorcorated -ntc ^he alloy by uSuai alley oreoaratien rechn:aues F-ther uc to 0 8% of C a-d 
te 5^o ef Si are allowed to oe cresent -r. the alloy 

Next, a eom.DOSite '-ater:ai eemcosed :f an a:icy and a :eramie w;^; oe :escr.bec 

With the heat-resistant material of the present invention, up to about 40°o by vdume of a ceramic :af^ 
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be cresent as a aisoersec pnase .r :he acove neat-resistant aiioy when so reouirec. 

Examotes :f :erannics wmcn can be o^-esent as aispersea in the ailoy are oxiaes such as Cc:0) Ai:0-. 
SfO: VjO], LaO ana Sc:0-. -^itncies sucn as St^N^, TiN. BN anc AiN. carbides such as B^C. Cr^C:. WC 
and SiC siiic^des such as MorSt ana Cr:Si. and bondes such as CrB: and TiB: The presence of one or at 
^east two of :hese ceramics oroauces a particle dispersion strengthening effect or fiber dispersion 
strengthening effect, wmch gives further .mproved high-tennperature strength to the alloy incidehiaiiy . even 
f 'he n^atenai :oniaiPs over accut -^Q^o oy vciunne of cerannics, the effect wiil .evei off" the material rather 
becciT^es brittle Acoorcingiy. the uDper 'innit of the amount ot ceramic(S) ro be present should be accut 
40^0 bv voiume- 

As already statec, the heat-^esistant ailoy or the heat-resistant material of the present -nvention m.ust be 
'^Gi oniy at ^east 1600'' C m meiting ocnt cut also at 'east 50 ^m \n the mean gram size of the ailoy 
structure. 

The crystal grains must be at least 50 am in means size to give sufficient strength, especiaily 
satisfactory resistance to comcressive deformation, in atmospheres having a high temperature m excess of 
1300° C. 

While the heat-resistant atioy or material of the present invention can be prepared by sintering, meit 
casting or other process, the crystal structure must be at least 50 um in mean size regardless of the 
process resorted to. 

When sintering is resorted to. it is desirable to employ the hot isostatic press sintering process m view 
of the homogeneity and compactness of the sintered alloy obtained. This process can be practiced, for 
example, by heating the starting composition at a temperature of about 1000 to about 1500° C under a 
pressure of about 1000 to about 2000 kgf cm- for about 2 to about 5 hours. The grain size of the sintered 
alloy is depenoent on the particle size of the powdery starting composition. We have found that when the 
starting composition is at least about 200 Lim m mean particle size, the sintered alloy can be given a mean 
grain size of at least 50 u.m. 

When a ceramic is to be made present m the alloy as a dispersed phase, the ceramic is used conjointty 
with the powdery starting alloy composition. The ceramic can be of any aesired size. Useful particulate 
ceramics are. for example, about 0.1 to about 10 um m particle size. Examples of fibrous ceramics usable 
are about 1 to about lOOO a.m in fiber length and about 10 to about 50 m aspect ratio. 

When the present alloy is to be prepared by casting, for example, a high-frequency melting furnace is 
usable. The ceramic can be incorporated into the alloy as a dispersed phase by adding the ceramic as 
finely divided to the alloy m a molten state before the meit is poured into a mold or to the moiten alloy as 
placed in the mold, and solidifying the mixture with the solid uniformly mixed with the melt. 

The gram size of the aiioy to be cast is adjustable with ease by controlling the solidification velocity of 
the mixture withm the moid. For example, a sufficiently coarse crystal gram structure can be obtained by 
decreasing the solidification velocity with use of a sand mold, refractory mold or the like. 

When required, the heat-resistant alloy or materia! obtained by sintering or casting can be heat-treated 
for the adjustment of the grain size. 

Exoenmental Examples 



The specimens each having the composition and gram size listed \n Table 1 were tested for high 
temperature compressive deformation and for high temperature oxidation. 

The mean gram size was determined by the following method. Five areas as desired were selected 
from the microstructure of the specimen, and photomicrographs (x50) was taken at each of the selected 
areas. Two vertical lines and two horizontal lines were drawn over each of the field of views, and the 
number of crystal grains were counted up. The total length of the lines was divided by the number of crystal 
grams to obtain a value as a mean of grain sizes. The average of the m,ean values for the five view fields 
was calcuiatea as the mean gram size 
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TABLE 1 



Specimen 




Chemiicai Composition (wt^o) 




Ceramic 

(by voi.^ 


Alloy 
melting 
point f ' C) 


Mean 


Remarks 


No. 
















grain Size 
( u m f 










n 


Si 


W 


Mo 


Ai 


Ni 


Co 


Fe 




csy 


0.02 


1 5 












Ddt . 




1710 


1 00 


o 1 p fp rpii 


2 


89.2 


0.02 


1 5 












Bai, 




1 710 


50 


Sintered 


3 


89.2 


0,02 


15 












Bal. 




1 710 


180 


Sintered 


4 


89.2 


0.02 


1.5 












Bai, 




1710 


15 


Sintered 


5 


84.5 


0.02 


2.5 












Bal, 




1680 


200 


cast 


6 


85.0 


0.02 


1.5 












Ba!, 


15,0 


1690 


150 


Sintered 


/' 


33.0 


0.02 


10 


5.0 


5.0 








Bal, 




1670 


190 


Sintered 


8 


85.5 


0.02 


1 0 






5.0 






Bal. 




1690 


140 


Sintered 


9 


83.0 


0.02 


1.0 


5.0 










Bal. 


10 0 


1670 


130 


Sintered 


10 


27.1 












19,8 


40.4 


Bal. 




1380 


300 


cast 


1 1 


58.5 


0.02 


2.4 












Bal. 




1570 


250 


cast 




High-Temperature Compressive Deformation Test 

25 A solid cytindrical test piece (30 mm m diameter and 50 mm m length) was cut out from each specimen 

and placed into a furnace at 1350° C, As shown m FIG. 8. the test piece 20 was fixedly placed upright on a 
fixed base 22, and a ram 24 above the test piece was moved up and down to repeatedly apply a 
compression load of 0.5 kgf mm- to the test piece, FIG. 9 shows a l2-second loading cycle comprising 4 
seconds for the application of the compression load of 0.5 kgf mm^, 4 seconds for allowing the test piece to 

jQ stand free of the load. 2 seconds as a loading transition period and 2 seconds as an unloading transition 
period- This cycle was repeated 10000 times. 

The amount of plastic deformation, D {°'o). due to compression was calculated from the following 
equation. 

D (%) : (Lo - L).Lo x 100 

35 where Lo is the length of the test piece before testing, and L is the length thereof after testing. 

High-Temperature Oxidation Test 

A solid cyitnarical test piece (8 mm in diameter and 40 mm m length) was cut out from each specimen 
40 and held :n a heating furnace (with air as atmosphere) at 1350° C for 100 hours. The test piece was then 
withdrawn from the furnace, scales were removed from the surface of the test piece with an alkali solution 
and an acid solution, and the oxidation loss (g m^hr) was determined from the resulting change in the weight 
of the test piece. 

Table 2 shows the results of the high-temperature compressive deformation test and the high- 
45 temperature oxidation test. 
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Taoie 2 



Soecimen 


Amcurt of comcressive 


Oxidation 'ess 


No. 


ceformation D ; 




1 


0.5 


4 2 


2 


1 25 


4 1 


3 


0.38 


3.8 


4 


3 0 


3 9 


5 


0 25 


3 9 


6 


0 40 


3.5 


7 


0 35 


5.5 


8 


0.45 


3.2 


9 


0 30 


5 0 


10 


4 3 


57.0 


1 1 


3 5 


4.5 



With reference to Tabie 1, specirmens No. 1 to No, 3 and No. 5 to No. 9 are examples of heat-resistant 
materials of the invention. Specimens No. 4 and No. 11 are comparative examples; with the former, the 
mean gram size is outsiOe the range of the invention, and with the latter, the Cr content is outside the range 
of the invention. Specimen No. 10 is Co-Ni-Cr alloy heretofore used for skid buttons. 

Specimen No. 4 is great m compressive deformation at a high temperature presumably because it is 
small in mean gram size. Specimen No, 11 is also great m compressive deformation at a high temperature. 
This appears attributable to a low Cr content and low mettmg point. 

Specimen No. 10 is very low m melting pomt. great in compressive deformation and inferior m oxidation 
resistance. 

!n contrast, it is seen that heat-resistant alloys or materials of the invention are very excellent m high- 
temperature strength and oxidation resistance. 

To further clarify the difference between the heat-resistant alloy of the invention and the conventional 
heat-resiStant alloy in resistance to compressive deformation and to oxidation at high temperatures, 
specimens No 2 and No, 10 were subjected to more detailed comparative exoenments. 

FIG. 3 shows the relationship between the number of repetitions of compression load application and 
the variation m the amount of compressive deformation as determined by a high-temperature compression 
test. 

FIG. 4 shows the relationship between the heating temperature and the oxidation loss as established by 
a high-temperature oxidation test. The specimens were tested for 100 hours at each of varying tempera- 
tures- 

The results given m FIGS, 3 and 4 reveal that the greater the number of repetitions of compression load 
apciication and the higher the testing ^ennperature, the more remarKable is the difference between the alloy 
of the invention and the conventional alloy. 

For reference, FIGS. 5 to 7 show the relationship between crystal grains and microstructure. The 
photomicrographs (at a magnification of X50) of specimen No. 2 (50 um m mean gram size), specimen No. 
5 (200 um in mean gram size) and specimen No. 4(15 um m mean gram size) are shown m FIGS. 5. 6 and 
7, respectively. 

Skid buttons were preoared from the heat-resistant aiioy or materia! of the present invention and 
attached to a skfd pipe by support members as seen in FIG, 2, The illustrated embodiment is adapted to 
prevent scales separating off the surface of the material heated from wecgmg mto the support members 
and to oreciude the skid Duttons from chipping, cracking and like faults by giving consideration to the 
.difference m the amount of ihermai expansicn due to the difference -.n material between -he skid outtons 
and 'he supcor', rr^em-Dors. 

The skio button 12 shown m FIG 2 'S m the form -J a truncated cone and nas a ^lange 1 4 at ts oottom. 
The skid button 12 can oe m the form 'j\ a solid cyimder, truncated pyramid cr the iike 

A Support 'nerTioer 4 ccn^prises a seat portion 44 rormec witt^ an annuiar v^avity 42 for the flange 14 ot 
the skid button 12 to fit n loosely, and a nng memoer 46 having an mstde diameter slightly iarger ^han the 
:.L.tSiae diameter :f the snank cf Te skiO button '2 Tne ccttom zi the seat ccrt;cn 44 s secured to a 3k;d 
pipe 10 as oy a ^eid W With the skid button 12 fitted m the annular cavity 42, the ring member 46 is 
secured to the seat port, on 44 as Py a weid W //nereoy the skio button 12 s reid to the support member 
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The outer periphery of the skig pipe 10 arc! the oase to upper portiere of the support memoer 4 are 
loverec! with a refractory 'ayer 5 and are therecy protected from the high-temperature oxidizing atrr^csprere 
/vithin the furnace. The refractory of the iayer 5 fills the clearance C between the sKia Dutton 12 ana the nng 
'Tiember 46, so that the scales secarating off a material 3 heated and placed on the skid button 12 are 
orevented from failing into the clearance C. Conseauently the nng member 46 'S prevented from 
riefornnation aue to the ingress of scaies. 

PreferaDiy, the skid button 12 iS about 100 to acout 200 mm ;n neight. The height of the skid outton 12 
orojecting upward beyond the nng member 46 or the support member 4 is preferably about 50 to about 100 
mm. 

The heat-resistant alloy or heat-resistant material of the present invention is excellent m high- 
temperature strength and m resistance to oxidation, and these excellent characteristics are m no way 
available with high Co alloy steels and like materials heretofore used. Accordingly, the skid buttons 
oreparea from the heat-resistant ailoy or material of the invention exhibit sufficient durability even unaer 
such high-temperature operating conditions as employed recently, diminishing the maintenance effort and 
:hereby contributing a great deal to improvements m operation efficiency. 

Furthermore, the excellent high-temperature characteristics of the present material serve to moderate 
the cooling conditions for the cooling water to be passed through the skid pipe. This ^educes the likelihood 
of occurrence of skid marks on the m.atenai to be heated and achieves uniform heating for the production of 
materials of improved quality. 

The heat-resistant alloy or heat-reststant material of the present invention, which is well-suited for skid 
buttons for use in heating furnaces of the walking beam type, is not limited to such use but is of course 
usable for applications where resistance to compressive deformation and to oxidation at high temperature is 
essential. 



Claims 

1. A heat-resistant alloy comprising, in ^'o oy weight, at least oO'^o of Cr, and the balance substantially Fe, 
the alloy containing at least S^o of Fe and being at least 50 urn in the mean gram size of the alloy structure 
and at least 1600 ' C in melting point. 

2. The alloy as defined in claim 1 which includes at least one of up to 0.3% of C and up to S°o of Si. 

3. A heat-resistant alloy comprising, in ^^'o by weight, at least 60°o of Cr, at least one or two elements 
selected from the group consisting of up to I0°o of W, up to I0°o of Mo, up to 10°o of Nb, up to 10°o of 
Ta, up to 10% of Hf. up to lO^o of Co, up to I0°o of Ni, up to 10% of Ti. up to ^0°o of Al, up to 10% of V. 
up to ^0°'o of Mn and up to 10°b of a rare-earth element m a combined amount of up to 35°o. and the 
balance substantially Fe, the alloy containing at least 5% of Fe and being at least 50 urn in the mean gram 
size and at least 1600 ' C m melting point. 

4. The alloy as defined m claim 3 which includes at least one of uo to 0,8% of C and up to S°o of Si, 

5. A heat-resistant material having a composite structure wherein up to 40°o by volume of a dispersed 
ceramic phase is present in a metal matrix, the metal matrix comprising, in by weight, at least 60°o of 
Cr, and the balance substantially Fe. the Fe being contained therein at least 5^o, the metal matrix having a 
mean gram size of at least 50 um and having a melting point of at least 1600 C. 

6. The heat-resistant material as defined in claim 5 which comprises at least one of up to 0.&°o of C and up 
to 5^'o of Si, 

7. A heat-resistant material having a composite structure wherein up to 40% by volume of a dispersed 
ceramic phase is present tn a metal matrix, the meta! matrix comprising, tn % by weight, at least 60°o of 
Cr, at least one or two elements selected from the group consisting of up to 10°b of W. up to lO°'o of Mo, 
up to ^0°o of Nb. up to 10°= of Ta. up to I0°o of Hf. up to I0°o of Co. up to I0 = o of Ni, up to 10% of Ti. ud 
to I0°o of Al, up to I0°o of V. up to 10°b of Mn and ud to I0°o of a rare-earth e;ement in a combmea 
amount of uD to 35^o, and the balance substantially Fe. the Fe being contained therein at least S^o. the 
metal matrix having a mean grain size of at least 50 ^ m and having a melting pomt or at least 1600 C 

8 The heat-resistant material as defined m claim 7 /^mch mciudes at least one c:f up *o 0 of C ana up to 
5% of Si 
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FIG. 3 
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